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Abstract 10 
 11 
Raman spectra of mineral peretaite Ca(SbO)4(OH)2(SO4)2·2H2O were studied, and related to 12 
the structure of the mineral.  Raman bands observed at 978 and 980 cm-1 and a series of 13 
overlapping bands observed at 1060, 1092, 1115, 1142 and 1152 cm-1 are assigned to the 14 
SO42- ν1 symmetric and ν3 antisymmetric stretching modes.  Raman bands at 589 and 595 cm-15 
1 are attributed to the SbO symmetric stretching vibrations.  The low intensity Raman bands 16 
at 650 and 710 cm-1 may be attributed to SbO antisymmetric stretching modes.  Raman bands 17 
at 610 cm-1 and at 417, 434 and 482 cm-1 are assigned to the SO42- 4 and 2 bending modes, 18 
respectively.  Raman bands at 337 and 373 cm-1 are assigned to O-Sb-O bending modes.  19 
Multiple Raman bands for both SO42- and SbO stretching vibrations support the concept of 20 
the non-equivalence of these units in the coquandite structure.  21 
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 24 
Introduction 25 
 26 
The mineral peretaite Ca(SbO)4(OH)2(SO4)2·2H2O consists of thin elongated 27 
colourless plates and tubular crystals often encrusted with the mineral valentinite. Peretaite is 28 
a calcium antimony sulphate mineral found in the antimony-bearing veins at Pereta, Tuscany 29 
Italy [1-3].  The mineral has been identified at several other localities including the Lucky 30 
Knock Mine, Tonasket, Okanogan Co., Washington, USA [4]. The sourced mineral is from 31 
an ancient mine site at Pereta, Tuscany, Italy, [5] where minerals including sulphur and 32 
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cinnabar were mined in ancient times.  Activities continued during the middle ages and 33 
Renaissance through 1942 and then concluded in 1960-1970 with open trenches. Rare 34 
minerals such as fluellite, gearksutite, minyulite, mopungite, tripuhyite have been found at 35 
this mine site together with two new mineral species, peretaite and coquandite [5].   36 
 37 
 38 
Many minerals based upon antimonite and antimonate anions remain to be studied. Most of 39 
the bands occur in the low wavenumber region, making infrared spectroscopy difficult to use. 40 
This problem can be overcome by using Raman spectroscopy.  It is interesting to note that 41 
very few papers have been published on the spectroscopy of antimonate and antimonite 42 
minerals. What research has been published is related to the analysis of pigments [6-8].  Very 43 
few studies of related minerals such as mineral antimonites have been undertaken using 44 
vibrational spectroscopy [9-11], even though Raman spectroscopy has proven especially 45 
useful for the study of minerals.  The aim of this paper is to report the Raman spectra of 46 
peretaite and to relate the spectra to the chemistry and molecular structure of the mineral.   47 
This paper follows the systematic research on Raman and infrared spectroscopy of secondary 48 
minerals containing oxy-anions formed in the oxidation zone of minerals.            49 
 50 
Experimental 51 
 52 
Minerals 53 
 54 
The mineral peretaite was obtained from the Mineralogical Research Company.  The mineral 55 
originated from the Pereta Mine, Italy.  The composition of the mineral has been published 56 
[1-3].  A spectrum of peretaite from the RRUFF data base was also obtained and was worked 57 
up for comparison [http://rruff.info/peretaite/display=default/].   58 
 59 
Raman spectroscopy 60 
 61 
Crystals of peretaite were placed on a polished metal surface on the stage of an Olympus 62 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 63 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 64 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 65 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 66 
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collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 67 
100 and 4000 cm-1. Repeated acquisition on the crystals using the highest magnification (50x) 68 
was accumulated to improve the signal to noise ratio in the spectra. Spectra were calibrated 69 
using the 520.5 cm-1 line of a silicon wafer.  Alignment of all crystals in a similar orientation 70 
has been attempted and achieved. However, differences in intensity may be observed due to 71 
minor differences in the crystal orientation. The Raman spectra of the oriented single crystals 72 
are reported in accordance with the parallel/perpendicular notation.  Details of the Raman 73 
microscopy has been published [12-24]. 74 
 75 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 76 
Germany) software package which enabled the type of fitting function to be selected and 77 
allowed specific parameters to be fixed or varied accordingly. Band fitting was done using a 78 
Lorentz-Gauss cross-product function with the minimum number of component bands used 79 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 80 
fitting was undertaken until reproducible results were obtained with squared correlations (r2) 81 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 82 
separation or changes in the spectral profile.   83 
Results and discussion 84 
 85 
The mineral peretaite is composed of multiple anions including sulphate, hydroxyls and 86 
antimonite anions as well as water. Thus the Raman spectrum will be composed of the 87 
summation of the vibrational modes of each of these vibrating units. If the frequencies 88 
(wavenumbers) of these units are sufficiently far apart then well separated bands in the 89 
Raman spectrum of peretaite could be expected.  The overall spectrum of peretaite is 90 
displayed in Figure 1.  What is immediately obvious is that the peaks at around 600 and at 91 
around 1000 cm-1 show strong intensity and sharp. In contrast the bands in the 1600 to 4000 92 
cm-1 are of low intensity.   93 
 94 
The Raman spectrum of peretaite in the 900 to 1200 cm-1 region is displayed in Figure 2.  95 
The Raman spectrum of peretaite in the 900 to 1200 cm-1 region downloaded from the 96 
RRUFF data base [http://rruff.info/Peretaite] is shown in Figure 3.   The Raman spectroscopy 97 
of the aqueous sulphate tetrahedral oxyanion yields the symmetric stretching (1) vibration at 98 
981 cm-1, the symmetric bending (2) mode at 451 cm-1, the antisymmetric stretching (3) 99 
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mode at 1104 cm-1 and the antisymmetric bending (4) mode at 613 cm-1.  The Raman 100 
spectrum of peretaite clearly shows an intense band at 978 and 980 cm-1, assigned to the 101 
SO42- symmetric stretching mode. The five bands at 1060, 1092, 1115, 1142 and 1152 cm-1 102 
are assigned to the SO42- antisymmetric stretching modes.  The observation of multiple bands 103 
suggests that there are different distinct sulphate units in the structure of peretaite.  The 104 
observation of many bands supports the concept of more than one sulphate unit in the mineral 105 
structure and further, supports the distortion of the sulphate in the structure.  According to 106 
Menchetti and Sabelli [2], the sulphate anion is distorted in the crystal structure of peretaite.  107 
The position and assignment of the bands above is supported by the Raman spectrum of 108 
peretaite downloaded from the RRUFF data base. Two intense bands assigned to the SO42- 109 
symmetric stretching modes are observed at 977 and 980 cm-1.   Raman bands ascribed to the 110 
SO42- antisymmetric stretching modes are in similar positions to those observed in spectrum 111 
of peretaite in Figure 2. A comparison may be made with the other antimony sulphate bearing 112 
mineral coquandite Sb6O8(SO4)•(H2O) [this work].  The mineral coquandite can be thought of 113 
as a sulphate of antimony III oxide [Frost et al. SAA in press].  The Raman spectrum in the 114 
980 to 1020 cm-1 region is complex with a series of overlapping bands. Deconvoluted bands 115 
are observed at 970, 990 and 1007 cm-1. These bands are attributed to the SO42- ν1 symmetric 116 
stretching mode. The observation of multiple sulphate bands provides evidence for the non-117 
equivalence of sulphate anions in the molecular structure of coquandite. A series of 118 
overlapping bands are observed at 1072, 1100, 1151 and 1217 cm-1.  These bands are 119 
attributed to the SO42- ν3 antisymmetric stretching mode. The observation of multiple bands in 120 
this spectral region supports the concept of different sulphate units in the molecular structure 121 
of coquandite.   122 
 123 
The Raman spectrum of peretaite in the 500 to 800 cm-1 region is displayed in Figure 124 
4 and from the RRUFF data base in Figure 5.   A prominent feature in this spectral region is 125 
the intense band at 595 cm-1 with a second band at 589 cm-1.   These bands are assigned to the 126 
Sb3+O symmetric stretching mode.  The observation of multiple Raman bands as shoulders to 127 
the 595 cm-1 band suggests that the SbO units are not equivalent. The low intensity bands at 128 
650 and 710 cm-1 are assignable to the OSbO antisymmetric stretching vibrations. It is noted 129 
that the symmetric stretching modes occur at higher wavenumbers than the antisymmetric 130 
stretching modes. This may appear unusual but is often observed for the oxides of atoms with 131 
high atomic mass. The band at 610 cm-1 is likely to be due to the ν2 SO42- bending mode.   In 132 
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the Raman spectrum of peretaite extracted from the RRUFF web site, two intense sharp 133 
bands are observed at 590 and 595 cm-1 and are assigned to the SbO symmetric stretching 134 
modes.  The shoulder at 610 cm-1 is also observed in this spectrum.   135 
 136 
According to Siebert [25, 26] all bands in the  600 to 900 cm-1 range are assignable to 137 
SbO stretching vibrations. The observation of multiple bands in the Raman spectrum of 138 
peretaite provides evidence for the non-equivalence of SbO units in the structure.  X-ray 139 
crystallography would suggest that the SbO units are identical [27-29]. In this work it is 140 
proposed that the SbO units in the peretaite structure are non-equivalent. Such a conclusion 141 
of the non-equivalence of SbO units was also made from the Raman spectrum of brandholzite 142 
[21].   143 
 144 
In the infrared spectrum of antimony pentoxide an intense band is observed at 740  145 
cm-1 and low intensity bands at ~370, 450 and 680 cm-1 [30].  The infrared spectrum of 146 
valentinite (Sb2O3)4 showed bands in similar positions [30].  Farmer reported the band 147 
positions of synthetic antimonates of formula MSbO4 where M is Cr, Fe, Ga or Rh with a 148 
rutile type structure [31].  As such these structures should have four Raman active bands (A1g 149 
+ B1g + B2g + Eg) and four infrared active bands (A2u + 3Eu).  Infrared bands were observed in 150 
the 660 to 735 cm-1, 520 to 585 cm-1, 285 to 375 cm-1 and 170 to 190 cm-1.   Although no 151 
assignment was given to these bands, one possible interpretation is that the first set of bands 152 
is attributable to the symmetric stretching mode, the second set to the antisymmetric 153 
stretching mode, the third to bending modes and the fourth to lattice modes.  In the infrared 154 
spectrum of the compound NaSb(OH)6 which has an octahedral structure, a very intense band 155 
is observed at 628 cm-1 with bands of lower intensity at 775 and 528 cm-1 [31].  A series of 156 
bands in the 100 to 500 cm-1 region are assignable to the SO42- and OSbO bending modes 157 
(Figure 6).  The three bands at 417, 434 and 482 cm-1 are assigned to the 2 bending modes.  158 
The position of the 4 bending mode is normally around 600 cm-1 and thus may be enclosed 159 
in the spectral profile of the SbO symmetric stretching vibration at 595 cm-1.   One possibility 160 
is that the Raman band at 610 cm-1 is the 4 bending vibration.   161 
 162 
Several sharp bands are observed at 215, 229 and 337 cm-1.  These bands may be assigned to 163 
the OSbO bending vibrations.  Other bands in the 100 to 200 cm-1 are described as lattice 164 
bands.  In the RRUFF Raman spectrum in the 100 to 500 cm-1 (Figure 7) two intense bands at 165 
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416 and 433 cm-1 are attributed to the ν2 bending modes.  The low intensity band at 487 cm-1 166 
may also be ascribed to this vibration.  The intense sharp band at 337 cm-1 and the band at 167 
373 cm-1 are assigned to the OSbO bending mode.  The band is asymmetric and component 168 
bands may be resolved.  Intense Raman bands are observed at 196, 217 and 229 cm-1 in the 169 
RRUFF Raman spectrum of peretaite.  The Raman spectrum of peretaite in the 1300 to 3800 170 
cm-1 is displayed in Figure 8.  This spectrum suffers from a low signal to noise ratio.  A 171 
Raman band at 3334 cm-1 is assigned to the H2O stretching vibration.   172 
 173 
 174 
Conclusions 175 
 176 
The mineral peretaite Ca(SbO)4(OH)2(SO4)2·2H2O is colourless to white and may be easily 177 
confused with like minerals, including coquandite and klebersbergite, the other known 178 
antimony bearing sulphate minerals. Raman spectroscopy enables the mineral peretaite to be 179 
characterised and identified.   Raman spectra have been studied and related to the molecular 180 
structure of the mineral.  Raman bands were attributed to the sulphate stretching and bending 181 
modes. As well Raman bands were assigned to SbO stretching and OSbO bending vibrations. 182 
Multiple Raman bands for both SO42- and SbO stretching vibrations support the concept of 183 
the non-equivalence of these units in the peretaite structure.  184 
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